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SUMMARY
SUMMARY
, The efficiency of this plant is very low, also the
plant has a very low power factor. This fact however does
not account for the low efficiency. In all probability
some of the water is leaking out under the forebay walls.
This leakage is probably small, however, because no evi-
dences were present to the eye. When the test was run the
authors were told that two 25 h.p. motors which were used
to pump the water supply were so connected in the line that
what power they used was shown by the main meters on the
switchboard. Upon going to the plant again just to clear
up this point when we found that the efficiencies were
much too low, we found that there was a small meter on the
rear of the switchboard which gave the input to the pumps.
We also found out that the power was taken before it went
through the main meters on the front of the board, contrary
to what we had been told by one of the operators. Since
one of the pumps was running continuously pump meter read-
ings were taken and an average Bsm2 reading computed.
These, or rather the one pump which would be running at a
time, took on an average 20 kw. This of course raised the
efficiency to the following values.
Gov. Scale. Efficiency.
.45 13.3%
.55 31.4%
.65 47.8%
.825 48.6%
The efficiencies while still a little low can now be
explained by leakage of water probably under the floor bay
walls. The power factor is very low and should be changed.
At the present time, however, it is not of primary im-
portance because of the fact that the plant is never
operating under full load.
IY
- SUMMARY-
Gen.
KW KW Overall Eff. at Wheel
Gate Head input output Eff. .8 P.F. Eff.
.45 18.4 211.1 284 19.9 7% ----
.55 18.1 248.9 361 92.4 25.5 88.6
.65 17.8 260.2 373 155.5 41.7 89.5 ----
.80 17.6 278.1 393 171.8 43.8 91.3 80/4
NOTE.
The generator efficiency is given for .8 P.F. The
plant P.F. is very low, however about .5 or .6.
The overall efficiency is the ratio of the switch.
board KW. output to the water KW. input using the net
head on the turbine.
Current meter measurements were taken at the 0.2 and
0.8 depth method.
Capacity of canal = 10.65 Acre ft.
Discharge capacity of the spillway = 275.0 Sec. ft.
I N T R 0 D U C T IO N
AS T U D Y OF A
H-Y D R 0 -E L E C T R I C DEVELOPMENT
A T K E Z A R FALLS, MAINE
I N T R 0 D U C T I 0 N
PURPOSE. The purpose of this thesis was to make a test
of the overall efficiency and to study the operation of
the Kezar Falls Power development, which is owned by the
Kezar Falls and Cornish Light and Power Company of
Kezar Falls, Maine.
SCOPE. This thesis confines itself to a general descrip-
tion of the plant, its operation, and the overall
efficiency of the one 438 K. V. A. unit, and also the
method of increasing the load on the plant by means of a
water rheostat. No attempt was made to study the eco-
nomics of the development.
METHOD. The general description and operation of the
plant was written after a visit to the station and a
study made of the plans. Nearly all of the information
regarding the operation of the plant, together with the
plans, were kindly furnished us by officials of the
company.
The overall efficiency of the unit was calculated
from the total power output at the switchboard and the
power input determined from the quantity of water going
through the wheels and the net head on the turbine. A
large part of this thesis is devoted to current
7measurements, on which most of the computations were based.
Since the plant was an independent unit by itself and
automatically controlled, the only way by which we could
control the load variation was by means of a water
rheostat which we used.
REP0 RT
GENERAL DESCR IPT I ON
O F
D E V E L 0 P M E N T
LOCiTION. The plant is located on the Ossipee River at
Kezar Falls, Maine (see map, appendix K). The total
drainage area of the Ossipee at this site is /74
square miles. This development was built by the Kezar
Falls and Cornish Light and Power Company in 19/ blat
was renovated and a new unit put in operation in 1928.
TYPE OF DEVELOPMENT. The plant is a low head develop-
ment of the divided flow type, the water being brought
by canal from the head gates about 1000 feet up the
river where the dam holds back the river water. (See
sketch in appendix F.)
CAPACITY. The plant has a capacity of about 350 HP.
furnished by one vertical 39", type B Leffel reaction
unit designed for a 17 feet head at 257 R.P.M.
USE OF POWER. The power is used for central station
service, lighting, manufacturing, and pumping the water
supply. The power is delivered from the station at 2300
volts.
MAIN DAM. The main dam is located about 1000 feet up
the river from the power house between Kezar Falls and
Cornish (see picture, appendix F). The drainage area
above the dam is 170 square miles.
The dam is a concrete dam whose foundation rests on
firm gravel. The dam was built in 1928. The length of
the spillway is 300 feet.
For cross section of the dam see accompanying sketch.
A log chute is provided in the center of the dam and
is provided with flashboards which are removed in the
spring when the log drive is on.
FLASHBOARDS. The spillway is provided with flashboards
which are put in place by hand. A log chute about 25
feet wide is located in one corner of the dam about 60
feet from the end.
HEADWORKS. In the headworks (see picture in appendix P)
located at one end of the main dam are 3 gates 8 feet
wide by 7 feet high which control the flow into the canal.
These gates are operated manually but are usually kept
three quarters open.
The area of these gates with all 3 open would be
118 square feet allowing 354 sec. feet to flow at a
velocity of 3 feet.
TRASH RACKS. The racks are cleaned by manual labor by
means of a rake twice a day to get rid of sunken debris.
CANAL. The canal extending from the power house up to
the main dam and head gates is nearly one-fifth of a mile
long and varies from 30 feet to 60 feet in width. The
bottom of the canal is composed of compacted gravel. The
canal is nearly straight and has a uniform flow offering
a good opportunity for meter measurements. The maximum
velocity of the canal with the one unit running at full
capacity is not greater than 2.5 feet per Sec.
WASTE GATE. At the down stream end of the canal at the
power house is a waste spillway. This spillway is
equipped with flashboards which can be put on. All of
the excess flow goes through this spillway as can be
seen from pictures (see appendix P). There is not much
excess flow however and need not be because the flow can
be regulated from the headgates. The capacity of the
forebay and canal is about 465,000 cubic feet.
POWER HOUSE. The power house at the end of the canal is
a cement structure and was built in 1910. It houses
two 25 H.P. motors for pumping as well as the turbine
and genertator. (See appendix N.)
FOREB1AY WALL.
TAILRACE. Over the bottom of the forebay is an arch rib
construction floor under which the tail race of the unit
discharges into a canal-leading away from the wheels and
discharging into the main stream about 700 or 800 feet
down the river.
SUPERSTRUCTURE. See Appendix N.
EQUIPMENT. Turbine. The equipment for the unit consists
of one 39 inch, type B. Leffel turbine water wheel of
500 H.P. capacity at 257 R.P.M. and a 17 foot head.
GOVERNORS. The governor used was a Woodward water wheel
governor, type .ER, oil pressure direct connected, of
5000 feet capacity and built by the Woodward governor
Company. (See appendix P.)
GENERATOR. The generator (see appendix Oa) built by
the General Electric Co., is of type ATI-28 pole-438
K.V.A. (350 K.W. at .8 P.F.) 257 R.P.M., 2300 volts,
3 phase, 60 cycle, vertical water wheel driven generator.
EQUIPMENT. An exciter, type MPL, 125 volts, 11.5 K.W.,
257 R.P.M., compound wound, direat connected exciter.
Switchboard arrangement may be seen from diagram (see
appendix J).
The brakes are operated by a combination of air
&nd oil pressure.
POWER OUTPUT. To get an idea of what proportion of the
power used went towards manufacturing and mill use a
24 hour set of readings were taken and a 24 hour load
curve constructed. From this (see appendix E) it was
evident that the largest amount went towards manufacturing.
The station requires an attendant at night but no one
is kept on duty during the day.
TRANSMISSION. The lines # q copper wire put on 30 feet
wooden poles with 36" spacing and covers a distance of
approximately 13 miles.
7GENERAL DESCRIPTION. The efficiency of the station was
determined by comparing the power input with the power
output. The water power input was computed from current
meter measurements which gave the amount of water going
through the canal and the net head on the turbine. The
output was read from kilowatt hour meters on the switch-
board. Tests were made for 4.5, 5.5, 6.5 and 8.25 gate
opening.
It was impossible to make tests for every tenth
gate opening from .6 up as was originally intended
because of our inability to control the variationin
load. Under a light load which occurred whenever the
mills shut down the gate opening was only about 4.5 and
under its heaviest load it was about .6 open. The load
was increased by means of a water rheostat (see appendix
L & M and page/7 for discussion) which gave us partial
control of the variation. Since the rheostat had to be
raised and lowered by hand we were unable to smooth out
the fluctuations in the mill load. This load varied so
much that we were unable to get any available data above.
.825 gate opening for fear of overloading the plant due
to the heavy fluctuation in mill power consumption.
STREAM GAUGING. The gauging site was taken at a point in
the canal about 600 feet above the station. This site was
chosen because it was the most regular section in the
/1
DESCRIPTION OF TEST
flu
canal, the water ran smoothly by this point and the
section was not too deep to allow good meter measurements.
The bottom of the canal was of compacted gravel
and sand. The form of the cross section is shown by a
diagram (see appendix H). The banks and sides of the
canal was filled with weeds and brush which, in addition
to the shallowness of the stream at the banks made it
impossible to get readings at the extreme sides as the
meter would not register. No appreciable error was
introduced, however, by calling these stations zero,
since the water at these stations was almost dead.
Due to the width of the stream and the depth of
the canal at this point the only means available for
getting these measurements was by boat. A one inch
rope was suspended from bank to bank and pulled taut.
At every 5 foot interval in the middle of the stream
and 2 feet intervals at the ends stations were taken
and marked along the rope.
The depth of the canal was then taken at each
station and a stake driven on the side of the canal to
serve as a reference point.
The gauging was done in two days time.
The water rheostat was first lowered in the tail-
race until the load was increased enough to bring the
gate opening to the point desired. The gauging was then
done by moving the boat from station to station along
XL5
the canal. The water surface was noted at the beginning
and end of each run to take care of any fluctuations
which might have occurred in the surface.
During this time a man in the station was taking
the KW output reading and head on the turbine every 15
minutes.
The type of instrument used in the current meter
measurements was a Price meter #1096. In each case read -
ings were taken at the 0.2 and 0.8 depth and where it
was impossible to get the 0.8 depth the 0.5 depth was
taken.
For each run, and every 15 minutes during each
run, the net head was found by subtraction from the read-
ing of the water surface on the gage at the wheel the
elevation of the tail race.
An allowance for leakage and slippage through the
blades of the turbine of 5% was made.
WATER RHEOSTAT
The only means available for controlling, even
partially the load on the plant was by means of a water
rheostat. The first one which was used consisted of
three iron pipes about six feet long made up in the
form of an equilateral triangle with 15 inch spacing to
form a delta load.
This was connected to the bus and the switch thrown
which connected it into the load. The pipes were then
lowered into the water very carefully and slowly in order
to be sure that the conductivity of the water was not too
great. When the rheostat was lowered into full depth
only about 4 amperes were used whereas about 50 were
needed.
The spacing between the pipes was then cut down
until a spacing of 3 inches was reached. Even with this
small spacing only 8 amperes were flowing, consequently
the idea of using only three pipes had to be given up.
For form of first rheostat used see appendix
Next a rheostat was constructed of 9 pipes about
six feet long having a spacing of six inches. When this
was lowered in the whole depth, the same precautions being
taken as before, again there was not combined load enough
to give full opening on the Governor scale.
Next the pipes were scraped and heated until all of
the paint, oil and varnish which had covered the pipes
was removed. The rheostat was again lowered and the load
furnished by this device was enough to put full load on
the plant. For rheostat actually used see appendix
This device could not be adjusted close enough or
fast enough to enable us to advance the governor scale
by tenths as was originally planed. Neither was it
possible to get above 0.85 governor scale because the
mill power consumption, which was the biggest factor in
the load, varied so much. We were afraid of overloading
the plant. As a result only four points were obtained.
0 P E R A T I O N
The following discussion was taken from the General
Electric Instruction book describing the operation of the
various devices and is included herein so that one may,
with a few references, to the devices numbered follow out
the different steps when the different units start into
the line. In order to follow the numbers referred to on
the devices see diagram in appendix
SUMMARY OF OPERATION
WATERWHEEL GOVERNOR. The waterwheel is started upon super-
visory indication from the load dispatcher, provided that
all other conditions are normal.
The waterwheel gate is opened by means of oil pressure
which is controlled by pressure relays. As the wheel accel-
erates, the exciter voltage builds up, providing a source
of d-c control power. At approximately 95 per cent of
syn4chronous speed the generator is connected to the line
without field. It therefore operates for a brief time as
an induction motor. Field is applied to the generator and
the combined effect of the acceleration of the waterwheel
and the synchronizing capacity of the generator pulls the
machine to a stop.
The load assumed by the wheel depends on the setting
of the governor. The a-c voltage is controlled by a
regulator which adjusts the exciter field current.
The machine is shut down on indication from the load
dispatcher, or by the operation of certain protective
devices which will be described under "Protective
Operation".
FEEDERS. The oil circuit breakers for the feeders may be
operated manually by means of a twin pull button switch.
If, while the equipment is in service, overcurrent occurs,
the feeder breaker will be tripped. After a time interval,
the breaker will be reclosed. If overcurrent still exists,
the breaker is tripped again. It is reclosed three times
and unless the overcurrent disappears before the last
reclosure the equipment is locked out of service awaiting
manual attention.
THE LINE. The tie line circuit breaker is operated by
hand, with overload tripping protection.
FIRE PUMP MOTORS. Two pump motors are controlled by the
supervisory equipment, and are provided with overload
relays.
NORMAL OPERATION
PREPARING STATION FOR STARTING
The line is disconnected. The line disconnecting
switches must be closed manually. The 220 volt a-c control
bus is energized by closing control power switch No. 8,
which connects the buses to the control power transformer,
No.LL. If all protective devices are in their normal or
reset position, the station is ready to start upon indi-
cation.
The 1-2 and 9-10 contacts of No. 4 close, energizing
the governor solenoid No. 65 from the battery bus. The
governor solenoid opens a valve allowing oil pressure to
operate against a piston of the gate mechanism. The
waterwheel gate opens and the machine starts.
THE GENERATOR APPROACHES SYNCHRONOUS SPEED
The machine accelerates and at approximately 95 per cent
of synchronous speed, device No. 13 closes its contact,
The Starting Impulse Given. When the load dispatcher
desires the operation of the unit, he presses his foot
switch and dials the proper code for the machine. A
series of current impulses are sent over the line wires
to the selectors in the remote station, and the proper
selector responds to the code. For starting the unit
the selector closes its 1-4 contact energizing the reset
coil of master element No. 20.1-1.
The master element may be reset by hand by pushing
the reset button on the front of the relay. This also
gives the starting indication to the equipment.
When No. 201-1 is reset, its 1-2 contact completes
a circuit from the positive battery bus through the 5-6
contact of No. 13x, the coil of master contactor No. 4,
the 1-4 contact of No. 51X, the 1-2 contact of No. 201-1,
and the contacts of the protective devices, to the negative
bus. The master contactor closes.
THE WATERWHEL STARTS.
energizing auxiliary relay No. 13X. No. 13X picks up, and
a circuit is complete from the positive exciter bus through
a "b" auxiliary switch of No. 52, the coil of No. 52X, the
1-2 contact of No. 13X and the11-12 contact of No. 4 to the
negative bus. Auxiliary relay No. 52X picks up.
Generator is Connected to the Line. The contact of No. 52X
energizes the closing coil of the oil circuit breaker No.
52. The breaker closes connecting the generator to the line
as an induction motor. Until it pulls into stop the motor
will draw more than full load current from the line.
A "b" auxiliary switch of No. 52 breaks the coil
circuit of No. 52X when the breaker closes. No. 52x drops
out and de-energizes the closing coil of No. 52.
An "a" auxiliary switch of No. 52 closes to energize
the valve solenoid. The operation of this valve will be
explained later under the head of "Shutting Down".
Field is Applied and the Generator is Synchronized.
Another "a" auxiliary switch of No. 52 closes,
energizing the coil of field dontactor No. 41. No. 41
closes applying field to the generator. The synchronizing
capacity of the generator together with the acceleration
of the waterwheel causes the machine to pull into stop with
the line.
Auxiliary relay No. 40X is energized by the closing
of No. 13X. It has a time delay period which prevents its
contact from closing immediately. When the field current
has increased sufficiently, a-c machine field relay No. 40
picks up, de-energizing No. 40X.
The generator will assume load in accordance with
the setting of the governor and the system frequency.
SHUTTING DOWN.
To shut down the unit, the load dispatcher dials the
code number of the generator and the selector closes its
1-3 contact. No. 201-1 is energized, opening its contact
in the coil circuit of the master contactor. No. 4 drops
out, de-energizing the governor solenoid, which causes the
waterwheel gates to close.
When the gate is nearly closed, limit switch No. 33
closes. A circuit is now complete. from the battery bus
through the 3-4 contact of No. 4, the contact of No. 33,
the trip coil of No. 52, and an "a" auxiliary switch of
No. 52 to the negative bus. The oil circuit breaker is
tripped, disconnecting the generator from the line. An
"at auxiliary switch of No. 52 opens and de-energizes the
trip coil of the breaker.
Another "a" auxiliary switch of No. 52 de-energizes
the field contactor when the breaker opens, and No. 41
drops out. The station is now ready to start again upon
indication.
Another "a" auxiliary switch of No. 52 open and
de-energizes the valve solenoid. This valve functions
in connection with the brake mechanism to prevent the
brakes from being applied while No. 52 is closed.
After the gates have been closed, a brake is auto-
matically applied to the rotating parts in order to bring
the unit to a standstill.
THE LINE EQUIPMENT.
The oil circuit breaker in the tie line must be
closed by hand. An "a" auxiliary switch is provided, its
contact being in the trip coil circuit.
An overcurrent in this line, one or both of the over-
current relays No. 151 close their contacts to energize
the trip coil from the 48 volt battery bus. The breaker
is opened disconnecting the line from the bus.
A-C RECLOSING FEEDERS.
Two a-c reclosing feeders are furnished, which are
identical in operation, both having the equipment
described below.
Control power is obtained from a 220 volt 60 cycle
source and the closing of control power switch No. 108
either energizes the control buses for that feeder.
The Feeder is Connected Manually to the Bus.
The"close" button of master element No. 101 is
operated manually, closing the 2-1 and 7-8 contacts. A
circuit is completed from the "X" bus through a "BM"
auxiliary switch of No. 152, the coil of the control
relay of No. 152, and 2-1 contact of No. 101 to the "Y"
bus. The control relay closes its contacts, sealing
itself in through a resistance. When the pull button is
released the 2-1 remains closed until the "open" button
is released.
The contact of the control relay of No. 152 ener-
gizes the motor of the oil circuit breaker mechanism,
which operates to close the breaker. The contact of the
control relay is mechanically opened when the breaker
reaches its closed position, disconnecting the motor from
the operating buses.
The position of the breaker is shown by means of
colored lights. When the breaker is open, a circuit is
complete from the "X" bus, through a "?bb" auxiliary
switch on No. 152, and a green indicating lamp to the "Y"
bus. The breaker closes, this circuit is broken and a
similar one is closed by an "a" auxiliary switch through
a red lamp.
OVERCURRENT OCCURS.
When the current in the feeder lines exceeds a pre-
determined value, No. 151 picks up, and closes its contact
after a time delay. This completes a circuit from the
positive 48 volt d-c bus through an "a" auxiliary switch
of No. 152, and trip coil of No. 152, and the contact of
No. 151 to the negative bus. The trip coil is energized,
opening the oil circuit breaker.
RECLOSING RELAY NO. 179 OPERITES.
When No. 152 opens an overcurrent, a circuit is
complete from the "X" bus through a "bb" auxiliary switch
to No. 152, the release coil of No. 179, and the 8-7 and
3-1 contacts of No. 101 to the "Y" bus. The release coil
is energized, releasing the motor of No. 179 which motor
rotates, and after a time delay, the front pair of contacts
close, completing a circuit through the coil of the
auxiliary relay of No. 179 which closes its contact and
seals itself in. The front contacts then open. After a
short interval, the first arm of No. 179 encounters the
rear pair of contacts and a circuit is completed through
these contacts to energize the control relay of coil No.
152 which closes No. 152 as described under manual closing.
THE FEEDER IS LOCKED OUT ON SUSTAINED OVERCURRENT.
If overcurrent persists the breaker will again be
tripped by overcurrent relay No. 151. The disc of No. 179
continues to rotate, and if overcurrent conditions continue,
No. 152 is closed three times by the action of the re-
maining arms of No. 179 at intervals of 15, 30, and 75
seconds between reclosures. If No. 152 is open after the
last arm passes over the main contacts and before the
lockout position is reached, the release coil is energized
and the stop on its plunger engages the locking out arm on
the main shaft. The disc is prevented from rotating, and
No. 179 is locked out.
No. 179 must be reset by hand. If the "open" button
of No. 101 has not been operated, the relay will start
timing and reclose the breaker as described above.
If the "close" button of No. 101 is operated after a
lockout, the breaker will close, but the automatic re-
closing feature is not restored until No. 179 is reset
manually.
An inspection of the equipment should be made after
a lockout before the feeder is.replaced in service.
RECLOSING RELAY NO. 179 IS AUTOMATICALLY RESET.
In case the - overcurrent conditions disappear before
the lockout position is reached, the release coil of No.
179 is de-energized and the stop on its plunger does not
engage the locking-out arm, but allows the disc to com-
plete its cycle and then engages the service arm on the
main shaft. The equipment is then ready for an entirely
new sequence of operation.
THE FEEDER IS DISCONNECTED MANUALLY FROM THE A-C BUS.
The oil circuit breaker can be opened manually by the
operation of the "open" button of No. 101. When this
button is operated, the 7-8 contact of No. 101 is opened,
and the 5-6 contact is momentarily closed. The latter
completes a circuit through the trip coil of No. 152 to
the d-c buses, opening the breaker. The opening of the
7-8 contact de-energizes the release coil of No. 179 so
that the reclosing equipment does not operate, and the
breaker must be manually reclosed.
FIRE PUMP MOTORS
STARTING THE MOTORS.
If the dispatcher wishes to start the pump motor, he
dials the proper code for the selector master element No.
201-2. This selector stops on its 1-4 contact, energizing
the reset coil of No. 201-2. The 1-2 contacts of No. 201-2
is closed, and if temperature relay No. 149 is in the
normal or reset position, the coil of No. 172 is energized.
Line contactor No. 172 is closed, connecting both pump
motors to the a-c bus.
Temperature relays are inserted in two phases of the
circuit to the motors to provide overload protection.
Either motor may be isolated by means of its line switch.
SHUTTING DOWN.
To shut down the motors, the dispatcher dials the
proper code to stop the selector on its 3 contact. This
energizes the coil of master element No. 201-2 which
opens its 1-2 contact in the coil circuit of No. 172,
dropping out the line contactor.
The pump motor circuits are given on
SELECTOR SUPERVISORY SYSTEM
The selector supervisory system is used in this
installation to start and stop the watewheel and motors
in the substation by remote control and to give an
audible indication whenever a breaker changes position.
This gives a warning when a protective deviee shuts down
a unit. A check may be had upon either unit by dialing the
proper code.
DISPATCHING STATION.
When the foot switch is closed, a circuit is complete
from one side of the 24 volt battery through the foot
switch and coil of the 149 P relay to the other side of
the battery. This relay closes its contact, connecting
the line wires to the contacts of the telegraph relay No.
26A.
A calling dial is mounted in the dispatchers office.
It is similar to the dial used on automatic telephone sets,
consisting namely of a rotating dial actuating make and
break contacts. There are ten holes punched in the rim of
this dial numbered from one to zero (ten). These numbers
represent the number of makes and breaks which occur when
the hole corresponding to that number is moved around to
the stop, and dial released. The impulses are sent when
the dial is returning from the stop to its normal position.
When the contact of the dial is on a "make" position
there is a circuit through the foot switch, the dial
contact, and the coil of the telegraph relay No. 26A to
the battery. This energizes No. 26A which closes its
contacts. These contacts reverse the polarity of the out-
going line. When the dial breaks its contact, No. 26A
is de-energized, its contacts drop back, and the polarity
of the line is again reversed.
REMOTE STATION.
The two line wires run to the remote station, where
the selector relays are connected in parallel across the
line in series with condensers. As long as there is a
constant potential across the condenser, the relay is de-
energized. However, then a number is dialed, the polarity
reversals cause the impulses to pass the condenser and
actuate the selector relay.
Each selector is capable of handling four circuits.
They are usually designated as the A.B.C. and D. circuits.
Dialing the code number of the relay gives the A circuit.
To get the B circuit, dial the code number and then 2.
For the C circuit the fourth digit is 4, and for the D
circuit it is 6. Thus if the C circuit is wanted and the
code is 7-3-7, dial 7-3-7-4.
The A circuit is used as a "listening circuit" to
ascertain the position of the breaker No. 52 or contactor
No. 172. The B circuit is used to shut down the unit by
energizing the master element which opens the coil circuit
of the master contactor, or to trip No. 172. The C circuit
(1-4) contact is used to start the waterwheel or pump motor
by energizing the reset coil of the master element. The D
circuit (1-5 contact) is used to stop the howler when the
break or contactor changes position.
INDICATION OF THE POSITION OF NO. 52 OR NO. 172.
To ascertain the position of a breaker the dispatcher
dials the A or listening circuit. For the alternator this
is 7-2-8, and for the pump motor, 7-3-7. If the device
dialed is in the closed position, an "a" auxiliary switch
completes the circuit from the positive battery bus through
an interrupter contact of No. 311-A, the primary of an
induction coil, the "a" auxiliary switch of No. 52 or No.
172 and the 2-1 contact of the selector to the negative
bus.
The secondary of the induction coil is connected across
the line wires, and energizes the howler in the dispatchers
office. The current flow is steady since the interruption
of the primary current is rapid, and a steady hum results.
This is the "closed" signal.
If the breaker or contactor is closed, a "b" auxiliary
switch of No. 52 or No. 172 energizes the No. 149 P relay
through a double throw contact of No. 149P. When the
relay picks up, this contact breaks the A-3 contact, de-
energizing -the coil, and makes the A-2 contact to energize
the induction coil primary. A signal is sent to the howler.
The contact returns to the A-3 position, stopping the
signal, and re-energizing the relay, which picks up the
contact and signal is repeated. This cycle repeats itself
giving an intermittent hum in the howler, which is the
"open" signal.
STOPPING INDICATION.
To shut down the generator or pump motor, the dispatcher
dials the B circuit code. For the generator, this will
be 7-2-8-2. The indication contact will start the "closed"
(steady) signal upon the completion of the first three
digits. The dialing of the fourth digit (2) will give the
indication for the shutting down of the unit. When the
breaker No. 52 opens, the signal will change from steady
to intermittent.
Starting Indication.
The dispatcher dials the C circuit to start a unit.
The fourth digit of the code for this circuit is 4,
making the alternator code 7-2-8-4. This starts the
howler signal and energizes the reset coil of the master
element, which closes its contacts to start the unit.
The signal changes from intermittent to steady when
the breaker or contactor is closed.
STOPPING THE HOWLER.
The D circuit of the selector relay is used to stop
the howl. When relay No. 149L is de-energized the signal
will continue until this relay picks up and breaks the
circuit.
To energize this relay, the dispatcher dials the code
number with 6 for the fourth digit (7-2-8-6 for the
generator). When this number is completed there is a
circuit from the positive bus through an auxiliary switch
of the breaker, the coil of No. 149L and the D circuit of
the selector to the negative bus. Relay No. 149L picks up
.3?
and seals itself in by means of its contact, which also
breaks the circuit of the induction coil and stops the
howler.
INDICATION WHEN BREAKER CHANGES POSITION.
The dispatcher receives an audible signal whenever a
breaker changes position.
Normally, a circuit is complete through either an "a"
or "b" auxiliary switch, the coil of No. 149L, and the
contact of No. 149L to the battery buses. The "a" and
"b" auxiliary switches are in parallel, so that during the
change position of the breaker from the "open" to "closed"
or vice versa, the circuit is broken. This de-energizes
No. 149L which drops its contact, completing a circuit
through the indication transmitter. A signal is sent out
indicating the new position of the breaker.
To stop the signal the dispatcher dials the D circuit
for one of the devices. If the signal stops he knows that
this device has changed position. If the signal continues
he must dial the D circuit of the other device to stop the
signal.
When it is necessary to dial the D circuit of both
devices in order to stop the signal, the dispatcher knows
that the latter device dialed has changed position. In
order to determine whether or not the first device dialed
also changed position, the A circuit of the first must be
dialed to determine which position this device now occupies.
BATTERY CHARGING.
The storage batteries used for control and super-
visory power are charges by individual rectifiers from
the a-c buses.
The 48 volt battery in the remote station is charged
while the generator equipment is energized, its circuit
being completed by a contact of master contactor No. 4.
The batteries at the dispatcher's office are charged
at the will of the dispatcher, as the drain on them is very
small.
PROTECTIVE OPERATION
A-C OVERCURRENT.
If the current in the a-c lines exceeds a predetermined
value due to harmful overloads or short circuits, over-
current relays No. 51 pick up after a time delay. The
contacts of No. 51 complete a circuit through the trip coil
of the oil circuit breaker and coil of auxiliary relay No.
51X. The oil circuit breaker opens, disconnecting the
generator from the line, and the contact of No. 51X opens
de-energizing the master contactor. The master contactor
shuts down the unit as described in "Normal Operation".
No. 51X must be hand reset, so the machine is locked
out of service awaiting an, inspection.
Overheated Generator Windings.
i-c thermal relay No. 49 is connected in the a-c line
through current transformers. It is designed to have
temperature characteristics similar to those of the machine.
If a moderate overload or unbalanced phase conditions exist
for a period long enough to overheat the generator, it will
also overheat the relay. The relay opens its contact in
the master contactor circuit, shutting down the unit.
When the windings have cooled sufficiently, this relay
resets automatically and allows the machine to restart.
A-C OVERVOLTAGES.
When the generator is connected to the line, the coil
of overvoltage relay No. 59 is energized from the a-c bus.
If the voltage rises above a predetermined value, No. 59
closes its contact, energizing the trip coil of No. 52 and
and coil of No. 51X. The machine is shut down and requires
manual attention before it can be restarted, since both
No. 51X and No. 59 must be hand reset. The regulator
should be inspected when shut down is caused by overvoltage.
OVERHEATED BEARING.
Each bearing of the machine is provided with a bearing
thermal relay No. 38. If the temperature of the bearing
to which it is attached exceeds a safe value, this device
trips its contact in the coil circuit of No. 4 shutting down
the machine. This relay is hand reset, and the machine is
locked out of service awaiting inspection.
OVER SPED.
If the speed exceeds 115% of its normal value, the
contact of overspeed device No. 12 is broken, opening the
d35-
master contactor to shut down the machine. When the spe-ed
drops to 80% of normal, the contact of No. 12 recloses,
No. 13 opens its contact de-energizing No. 13X, and the
machine is restarted.
UNDERSPEED.
This protection is obtained by the synchronous speed
device No. 13, a centrifugally operated switch whose
contacts close at approximately 95% of synchronous speed.
The machine cannot be connected to the line until this
speed has been attained.
If the master contactor is opened, to shut down the
machine, it cannot be reclosed until the speed drops to
80% of synchronism, at which value the contact of No. 13
opens, de-energizing No. 13X. The normally closed 5-6
contact of No. 13X is in the master contactor circuit,
shunted by a normally open contact of No. 4.
FIELD FAILURE.
If the field current drops below a predetermined value,
the field relay No. 40 drops out and causes auxiliary relay
No. 40X to pick up. After a short time delay the contact
of No. 40X closes, tripping the oil circuit breaker and
energizing No. 51X. No. 51X opens the master contactor
shutting down the machine.
The time delay feature of No. 40X prevents shutting
down on possible fluctuations in the field current of
short duration.
LOW OIL PRESSURE.
When the oil pressure drops below the safe operating
value, oil pressure relay No. 63 opens its contact in the
oil circuit of master contactor No. 4, shutting down the
machine.
This relay automatically resets so that a new start
will be made when the pressure returns to normal.
DATA
Kezai Falls Power Plant
Turbine Data
1-350 K.P. unit 17t head
Kezar Falls and Cornish
Ltt and PIr 1930 Test
257 R.P.M.
May 1930
Test No. Gov. Scale
.45
.45
.45
.45
.55
.55
.555
.55
.80
.70
.625
.625
.85
.78
.825
Head
water
elev.
92.5
92.5
92.5
92.5
92.3
92.3
92.3
92.3
91.4
91.4
91.4
91.5
91.29
91.29
91.29
Tail water
elev.
74.1
74.1
74.1
74.1
74.2
74.2
74.2
74.2
73.6
73.65
73.6
73.6
73.8
73.7
73.7
Tiime
12-15
12-30
12-45
1-00
2-00
2-15
2-30
2-45
11-00
11-15
11-30
11-45
9-10
9-25
9-40
Net
. nead
on
wheel
18.4
18.4
18.4
18.4
18.1
18.1
18.1
18.1
17.8
17.8
17.8
17.9
17.5
17.6
17.6
Kezar Falls Power Plant
Generator Data
#4098086 Gen.
2300 V.
350 H.P.
Test
1
1
1
1
No. Gov. Scale
.45
.45
.45
.45
.55
.55
.55
.55
Time
12-15
12T30
12-45
1-00
2-00
2-15
2-30
2-45
11-00
11-15
11-30
11-45
9-10
9-c-25
9-40
Kezar Falls and Cornish
Ltt and PIr Co.
1930 Test
257 R.P.M.
May 10-12
Gen. Kilowatts
19.6
18.25
22.40
23.60
92.4
91.9
92.2
93.1
110.4
137.8
92.7
83.8
152.1
128.0
184.0
.70
.70
.625
.625
.850
.788
.825
1/
GENERATOR EFFICIENCIES
Rating off
Generator
438 K.V.A. P.F.-1.0 350 KW. P.F. 0.8
Fractions of 1 3/4 1/2 1 3/4
full load
.934 .915 .921 .912
1/2
Generator eff. .94 .891
Kezar Falls Hydro-Electric Plant
Stream Gauging Data
Location--Canal
Price meter #1067
Gov. Scale--0.45
Test #1
Sta. Depth Meter Total
depth rev.
1.5
1.9
2.2
2.6
2.6
2.6
3.0
3.6
6.0
8.4
0.2
0.8
0.5
0.8
0.2
0.8
0.2
0.8
0.2
0.8
0.2
0.8
0.2
0.8
0.2
0.8
0.2
0.8
0.2
0.8
Time
25
30
28
20
27
20
27
30
20
20
20
18
24
32
34
35
33
0.2 and
R.P.S.
.200
.166
.178
.350
.332
.350
.332
.266
300
.450
.350
.389
.333
.250
.118
.286
.151
1930 Test
0.8 method
Vel.
.49
.41
.44
.82
.78
.82
.78
.63
.70
1.13
.82
.91
.78
.60
.33
.68
.38
Depth Meter
depth
8.4
8.8
8.6
8.8
8.5
8.3
7.6
3.4
2.7
0.2
0.8
0.2
0.8
0.2
0.8
0.2
0.8
0.2
0.8
0.2
0.8
0.2
0.5
0.8
0.2
0.8
0.2
0.8
Total
rev.
10
5
Time R.P.S. Vel.
25
30
30
28
32
22
25
30
24
30
20
30
40
20
30
24
.320
.200
.300
.179
.313
.224
.120
.267
.208
.167
.250
.200
.150
.250
.167
.125
.75
.48
.71
.44
.74
.54
.33
.63
.50
.41
.59
.48
.38
.59
.41
.34
Sta.
12
14
15
16
17
19
Kezar Falls Hydro-Electric Plant
Stream Gauging Data
Location--Canal
Price Meter #1096
Gov. Scale--6.55
1930 Test
0.2 and 0.8 Method4
Test #2
Sta. Depth
1.4
1.8
2.1
2.5
2.5
2.5
2.9
3.5
5.9
8.3
8.3
10
11
Meter
depth
0.2
0.8
0.2
0.8
0.2
0.8
0.2
0.8
0.2
0.8
0.2
0.8
0.2
0.8
0.2
0.8
0.2
0.8
0.2
0.8
0.2
0.8
Total
Rev.
Time
35
30
29
31
14
12
17
15
17
13
15
11
14
10
10
7
10
7
30
30
30
30
30
31
29
33
31
35
30
29
R.P.S. Vel.
.228
.266
.276
.355
.483
.374
.566
.500
.566
.434
.500
.355
.483
.300
.322
.200
.334
.242
.55
.63
.625
.83
1.10
.82
1*28
1.07
1.28
1.00
1.07
.83
1.10
.65
.75
.48
.78
.58
Depth Meter Total
depth Rev.
0.2
0.8
0.2
0.8
0.2
0.8
0.2
0.8
0.2
0.8
0.2
0.8
0.2
0.8
0.2
0.8
8.7
8.5
8.7
8.4
8.2
7.5
3.3
2.6
9
10
5
10
8
10
7
12
13
14
31
30
31
32
30
32
30
34
29
28
29
45
30
32
.355
.300
.322
.156
.334
.250
.400
.264
.345
.250
.172
.089
.234
.125
.83
.71
.75
.40
.78
.59
.92
.61
.79
.60
.42
.28
.56
.34
Sta. Time R. P. S. Vel.
Location --Oanal
Price Meter #1067
Gov. Scale--0.65
1930 Test
0.2 and 0.8 Method
Test #3
Sta. Depth
0.9
1.3
1.6
2.0
2.0
2.0
2.4
3.0
5.4
7.8
2
3
4
5
6
7
8
9
10
Meter
depth
0.2
0.8
0.2
0.8
0.2
0.8
0.2
0.8
0.2
0.8
0.2
0.8
0.2
0.8
0.2
0.8
0.2
0.8
0.2
0.8
Total
Rev.
6
5
7
5
9
9
12
9
12
10
12
11
13
12
Time
31
31
32
29
30
30
30
30
30
31
30
32
29
30
R.P.S.
.194
.161
.219
.172
.300
.300
.400
.300
.400
.322
.400
.344
.488
.400
Vel
.47
.40
.53
.42
.71
.71
.92
.71
.92
.76
.92
.81
1.03
.92
Kezar Falls Hydro-Electric Plant
Stream Gauging Data
Sta. Depth Meter Total Time R.P.S. Vel.
depth Rev.
11 7.8 0.2 13 29 .448 1.03
0.8 12 30 .400 .92
11 7.8 0.2 15 30 .500 1.14
0.8 15 32 .470 1.08
12 8.2 0.2 11 29 .380 .88
0.8 10 30 .334 .78
13 8.0 0.2 11 30 .367 .84
0.8 10 31 .323 .77
14 8.2 0.2 11 32 .344 .81
0.8 7 29 .241 .58
15 7.9 0.2 10 32 .312 ..73
0.8 6 31 .193 .47
16 7.7 0.2 10 30 .300 .71
0.8 5 30 .166 .41
17 7.0 0.2 10 30 .300 .71
0.8 4 30 .133 .35
18 2.8 0.2 -- -- --- ---
0.5 7 30 .233 .56
0.8 -- -- --
le?
Kezar Falls Hydro-Electric Plant
Stream Gauging Data
Location--Canal
Price Meter #1067
Gov. Scale--0.8
1930 Test
0.2 and 0.8 Method
Test #4
Sta. Depth
0.4
0.8
1.1
1.5
1.5
1.5
1.9
2.5
4.9
7.3
7.3
7.7
10
Meter
depth
0.2
0.8
0.2
0.8
0.2
0.8
.0.2
0.5
0.8
0.2
0.5
0.8
0.2
0.8
0.2
0.8
0.2
0.8
0.2
0.8
0.2
0.8
0.2
0.81
0.2
0.8
Total
Rev.
Time
34
9
4
9
6
11
8
9
9
18
10
13
12
12
16
34
30
33
30
30
29
32
20
29
30
22
20
22
25
30
R.P.S.
.147
.176
.300
.121
.300
.200
.378
.250
Vel
.37
.43
.71
.34
.71
.49
.87
.59
.450 1.04
.310 .72
.600 1.36
.455 1.01
.650 1.46
.546 1.24
.600 1.36
.534 1.21
Sta. Depth Meter Total Time R.P.S. Vel.
depth Rev.
13 7.5 0.2 8 21 .380 .88
0.8 11 29 .379 .88
14 7.7 0.2 13 29 .448 1.03
0.8 11 30 .367 .84
15 7.4 0.2 11 29 .380 .88
0.8 11 28 .380 .88
16 7.2 0.2 12 30 .400 .92
0.8 8 30 .266 .63
17 6.5 0.2 10 30 .300 .77
0.8 6 30 .200 .48
18 2.3 0.2 - -- --- --
0.5 9 30 .300 .71
0.8 - -- --
19 1.6 0.2 - -- --
0.8 - -- --
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TWENTY-FOUR HOUR POWER CONSUMPTION
Time Mill Circuit Kezar Falls Cornish Total
9-30 A.M. 82.0 47.3 24.0 153.3
10-00 83.0 31.8 24.0 138.8
10-30 98.1 30.8 24.6 153.5
11-00 90.0 27.0 21.2 138.2
11-30 95.3 28.4 24.0 147.7
12-00 73.5 20.8 14.8 109.1
12-15 9.0 6.0 10.6 25.6
12-30 9.0 6.0 10.6 25.6
12-45 12.7 9.7 12.0 34.4
1-00 P.M. 72.0 13.1 18.5 103.6
1-30 98.0 14.4 12.9 125.3
2-00 108*0 13.0 13.5 134.5
2-30 84.3 11.1 12.0 107.4
3-00 99.7 24.0 15.0 138.7
3-30 122.0 20.0 20.6 162.6
4-00 111.0 26.2 24.0 161.2
4-30 108.0 23.2 3.0 134.2
5-00 90.0 19.6 3.3 112.9
5-30 14.4 27.7 18.0 60.1
6-30 17.4 15.4 15.4 48.5
7-00 11.4 12.0 18.0 41.4
7-30 14.4 24.0 20.6 40.6
8-00 15.2 25.7 28.4 69.3
8-30 13.5 29.2 30.8 73.5
9-00 14.8 26.3 29.2 '70.3
9-30 15.4 20.0 22.5 57.7
10-00 16.1 9.1 18.5 43.7
Time
10-30
11-00
11-30
12-00
12-30
1-00
1-30
2-00
2-30
3-00
3-30
4-00
4-30
5-00
5-30
6-00
6-30
6-45
7-00
7-30
8-00
8-30
Mill Circuit
16.6
15.0
10.6
6.1
6.2
8.6
10.0
10.3
10.8
10.8
10.3
10.1
13*5
9.8
8.0
8.0
5.3
74.5
108.0
108.0
83.0
92.6
Cornish
5.8
7.8
6.6
6.3
5.2
5.0
5.2
4.8
5.0
5.2
5.2
4.8
6.8
20.0
20.0
18.9
2006
20.0
24.0
40.0
41.5
30.8
A.M.
Kezar Falls
17.2
11.4
9.7
9.5
8.6
9.0
8.0
9.0
7.8
9.0
7.8
8.6
8.0
7.7
8.5
10.6
9.0
13.8
37.9
34.8
41.5
27.7
Total
39.6
34.2
26.9
21.9
20.0
22.6
23.2
24.1
23.6
24.9
,23.2
23.5
28.3
37.4
3605
3705
3409
108.3
169.9
182.8
166.0
151.1
RESULTS
OVERALL OFFICIENCY
Spillway
discharge
19.6
.5
0.0
0.0
Gate - 0.45 h - 18.4 - 211.1
5% loss - - 10.5
201.5
Head on Spillway H--1.03' b--67 .5
- 3.33 5.62 1.033/2= 19.6
Net Q--201.5 - 19.6 = 181.9 C.F.S.
KWinput 181.9 x 62.5 x 18.4 x 0.746
550
KW
output
Eff. = output
input
=19.9
19.9 x 100 74%
284
Run
1
2
3
4
Gate
.45
.55
.65
.825
Head
18.4
18.1
17.8
17.6
Total
211.1
248.9
260.2
278.1
5%Loss
9.6
12.5
13.0
13.9
Net
c/f/s
input
181.8
235.9
247.2
264.2
KW
input
284
361
v 372
393
KW
Sb.
21
92.4
155.5
171.8
Over
Eff.
.074
.256
.417
.438
5.62
= 284
OUTPUT OF TURBINE
Kws. at switchboard
158
208
263
320
350
Gen. Ef f.
91.0
92.1
93.4
93.8
94.0
H.P. Output
of.Wheel
232.0
330.0
378.0
457.5
500.0
Sample:
H = 12'
Kws. at Switchboard = 208
Kws. at wheel 208/.921 x 1/.746 = 330.0 H.P.
Head
10
12
14
16
17
RESULTS FOR PLOTTING HEAD vs. KILOWATT OUTPUT
H.P. Output
of Wheel
532
486
443
397
354
316
276
240
Kw. Output
of Wheel
387
363
330
296
264
236
206
179
Gen. Eff.
0094
0.938
0.936
0.934
0.927
0.922
0.916
0.910
Kw. Output
of Gen.
364
340
309
276
246
218
188.5
163.0
Sample:
H = 17'
H.P. Output of Wheel = 532
532 x 0.746 = 387
Gen. Eff. = 94.0%
387 x .94 = 364 Kw. Output
Head
17
16
15
14
13
12
11
10
WHEEL EFFICIENCY vs. GATE OPENING ASSUMAING
GOVERNOR SCALE PROPORTIONAL TO POWER
Overall Eff.
.074
.256
.417
.438
Gen. Eff.
0.94
0.94
0.94
0.94
Eff. of Wheel
as Found
.074/0.94 .077
.256/ .94 .272
.417/ .94 .445
.438/ .94 .465
Gate
.45
.55
.65
.825
Head
18.4
18.1
17.8
17.6
57
OUTPUT AT SWITCHBOARD vs. GATE OPENING
Gate Head KW. Output W. to 17' head
.45 18.4 21.0 18.6
.55 18.1 92.4 84.0
.65 17.8 155.5 144.5
.825 17.6 171.8 163.0
The curves on pg. were obtained by adjusting
the KW. Output at the switchboard to a constant head,
making use of the fact that the output varies directly
as the 3/2 power of the head.
Example: Gate = 0.65 head = 17.8 Output = 155.5
Adjusted to 171 head, output = 917 x (17/17.8)3/2 = 144.5KW.
Adjustments were made in a similar way for all
the other heads shown on the graph of Appendix
C 0 M P U T A T IO N S
ELECTRIOAL COMPUTATIONS
Gov. Scale = .45 h = 18.4 Q = 211.05
Weir h = 1.03'
Q 3.33 x 5.62 x 1.033
b = 5.62'
= 19.6 c.f.s.
211.05 = 19.6 = 191.5 C.F.S. net discharge
191.5 - .05 x 191.5 = 181.9 C.F.S. net discharge
H.P. input = 181.9 x 62.5 x 18.4 = 40 x 1.0 H.P.
55-0
K.W. input = 401 x .746 = 284 K.W.
K.W. output
meter #1 #2 #3
t = 0 Rov. = 0
K = 300
t = 70 R = 2
K = 100
t = 75 R = 2
K = 100
Pi = 0
P2 = 100 x 2 x 3600
70 x 1000
P3 = 100 x 2 x 3800
75 x 1000
= 10.3 K.W.
= 9.6 K.W.
19.9 K.W.
Av. Pump Power 20.0 K.W.
39.9 K.W. Total output
Efficiency Overall = 39.9= 13.3%
300
COMPUTATIONS
STREAMGAGING. Four runs were made, No. 1, No. 2,
No. 3, and No, 4, at different gate openings and the
respective discharges measured by means of a Price
current Meter using the following formula:
alvi + a2v2 + a3V3 + a4 v4 + ........ an n
where
dl + d2
a = area between the two stations w +
V = mean velocity through area a V1 + v2
2
w = distance between stations
d = depth at station
(See sample computation on page 55)
SAMPLE COMPUTATIONS
DISCHARGE FIGURED FROM CURRENT METER MEASUREMENTS
Sta. Da
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
0.0
0.4
0.8
1.1
1.5
1.5
1,5
1.9
2.5
5.0
7.3
7.3
7.7
7.5
7.7
7.4
7.2
6.5
2.3
Db Da+Db
0.4
0.8
1.1
1.5
1.5
1.5
1.9
2.5
4.9
7.4
7.3
7.7
7.5
7.7
7.4
7.2
6.5
2.3
1.6
0.2
0.6
1.0
1.3
1.5
1.5
1.7
2.2
3.7
6.2
7.3
7.5
7.6
7.6
7.6
7.3
6.9
4.4
1.9
Width Area V
2
2
2
2
2
5
5
5
5
10
5
5
5
2
2
2
2
2
2
0.4
1.2
2.0
2.6
3.0
7.5
8.5
11.0
18.5
62.0
36.5
37.5
38.0
15.2
15.2
1406
1308
8.8
3.8
a Vb Va+Vb
0.0
0.0
0.0
0.0
0.37
0.43
0.53
0.60
0.73
0.88
0070
1035
1.28
0.88
0094
0.89
0.78
0063
0071
0.0
0.0
0.0
0.37
0.43
0053
0.60
0.73
0.87
0.70
1.35
1028
0088
0.94
0.89
0.78,
0.63
0.71
0.0
v 19
.40
.48
.57
.67
.81
.79
1.08
1.32
1.08
.91
.92
.84
.71
.67
.36
Total
Note: These computations are worked for 0.2 and 0.8 method
at 0.8 to 0.825 Governor's Scale.
Velocities by Price Meter #1067.
Q=AVg
.49
1.20
3.60
4.84
7037
15.00
48.10
37.50
49.50
41.00
13.80
14.00
12.25
9.80
5.90
13.70
278.05
CAPACITY OF CANAL
The capacity of the canal was figured from the cross
sections taken every 100 feet along the canal, assuming
straight line variation along the bed, by the end area
method.
Sta. Area sq. ft. Vol. cu. ft.
0.00 840.1-----------------84010
1.00 842.1-----------------80010
2.00 761.0-----------------69970
3.00 639.4-----------------55845
4.00 477.5-----------------44895
5.00 420.4-----------------40045
6.00 380.5-----------------37280
7.00 365.1-----------------31850
8000 271.0-----------------20375
9.00 136.5
Capacity of canal 464,280
464280/43560 = 10.65 acre feet
Capacity of the Fore-bay was estimated as equal to
the volume of water between Stations 0.00 and 1.00, i.e.
84,000 cu. ft.
4g5y f
DISCHARGE CAPACITY OF SPILLWAY
Length of spillway = 6 ft.
Height of flashboards = 2' 4"
Rise of water before going
over head gate wall = 31 4"
Head over spillway for max. flow
that can be taken care of with
flashboards out = 5' 8"
Capacity of spillway by Francis' Formula:
Q = 3.33 x 6 x 5.753/2 = 275.0 sec. ft.
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APPENDIX B
Kilowatt Output vs. Head and Gate
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Discharge vs. Head
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Cross-section of Canal at Gaging Station
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Diagrannuatic Layout of Switchboard
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APPENDIX K
Plan of River at Power Site
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APPENDIX L
Three pipe water rheostat
Pipe spacing 15"
A-1~
hoI
APPENDIX M
Nine pipe water rheostat used in test.
Spacing of pipes 15"
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APPENDIX N
Elevations of Power House
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4APPENDIX 0
Cross-section Detail of Power House and Unit
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APPENDIX P
Photographs
Canal 4ear of Switch
Board.
Outside Tower.
Main Dam.
Woodward Water
Wheel Governor
Turbine and Flume.
III. - - ,
Head Gates
Tail Race and Rear of Power Plant.
Water Rheostat Canal Gaging Station
Power Plant and Fore Bay
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